Objectives: To investigate the food intake of Slovenian adolescents and to compare it with food-based dietary guidelines developed for children and adolescents, named the Optimized Mixed Diet (OMD). The OMD is a useful tool for the evaluation of food intake of adolescents. Design: All adolescents completed an FFQ at a regional health centre; a subgroup also completed a 3 d weighed dietary protocol at home. Setting: This study is a part of the first national representative study on the dietary habits of Slovenian adolescents. Subjects: This cross-sectional study included a representative sample of 2813 Slovenian adolescents entering high school, aged 14-17 years, from all ten geographical regions of Slovenia. Results: The greatest deviations from the recommended intakes of the main food groups in the OMD were significantly lower intakes of (P , 0?001, mean): vegetables (179 and 163 g/d in boys and girls, respectively), bread/cereals (271 and 226 g/d), potatoes/rice/pasta (212 and 163 g/d); in boys also a significantly lower intake of fruits (mean: 321 g/d, P , 0?001) and a significantly higher intake of meat/meat products (mean: 126 g/d, P , 0?001). Additionally, the results show too high intake of sugar-sweetened beverages and too low intakes of fish and plant oils in both genders. Conclusions: The food intake pattern of Slovenian adolescents deviates markedly from a healthy eating pattern. Nutrition education and interventions are needed for Slovenian adolescents.
Adolescence is an important period in life, with high nutritional requirements due to the body's growth and development. During this time dietary habits and behaviour, which influence health in later life, are established (1, 2) . Therefore, this period is a notable important stage for effective nutritional guidance. Due to the importance of healthy nutrition for growth and development, as well as for the prevention of diseases, adolescents need clear advice which is simple to understand and which can be easily applied to their daily dietary practice. Reference values for energy and nutrient intakes are not convenient for everyday use. The WHO and FAO proposed the development of food-based dietary guidelines (FBDG), a practical means of assisting both individuals and populations improve their food consumption patterns and reach nutritional goals. Furthermore, a food intake pattern should be based on current food consumption choices (3) . When establishing food recommendations, basic nutrient requirements, quality and safety of foods, food handling and packaging should all be considered, as well as the fact that eating is also connected with many pleasures and serves a variety of social and cultural functions (4) . Some European countries, e.g. Holland, Germany and Austria, have introduced FBDG for their populations (5) (6) (7) . In the USA, FBDG have been introduced in the form of a Food Guide Pyramid (8) . The Research Institute of Child Nutrition (Forschungsinstitut für Kinderernährung, Dortmund, Germany) developed FBDG for German children and adolescents. The FBDG have further developed to become to a total diet concept named the Optimized Mixed Diet (OMD) (6, 9) . Until now, there have been no reliable data on the food intake of adolescents in Slovenia. Neither have FBDG been developed. We aimed to evaluate the food intake of Slovenian adolescents and compare it with the OMD. The OMD is based on the D-A-CH (D-German, A-Austrian, CH-Swiss) Reference Values for Nutrient Intake (10) , which have been adopted and used as the official values in Slovenia since 2004 (11) . *Corresponding author: Email natasa.fidler@guest.arnes.si r The Authors 2011
Methods
The present study is a part of a larger cross-sectional project designed to investigate the dietary habits of Slovenian adolescents, their goitre prevalence (thyroid size and volume, urinary iodine excretion, dietary iodine intake) and anthropometric measurements (12, 13) . The investigation took place in ten geographical regions of Slovenia during regular systematic medical examinations from February 2003 until April 2005.
The study sample included 10 % of adolescents entering high school (n 2813) and is representative of the whole of Slovenia. Adolescents were selected from various high school educational programmes and from all socio-economic groups. Examinations were performed independently in health centres. The number of adolescents from each region was proportional to the number of inhabitants in that region, with adolescents being consecutively recruited at their medical examination, until the specific number for that particular region was reached. All of the information gathered, procedures performed and questionnaires were standardized before the examination.
Written informed consent was obtained from all adolescents prior to their inclusion in the study, which was performed in accordance with the ethical standards specified in the appropriate version of the 1994 Declaration of Helsinki and approved by the Ethical Committee of the Medical Faculty of the University of Ljubljana (No. 84/06/02).
To evaluate the dietary habits, we adopted a semi-quantitative FFQ from Harvard University, which was developed by Willett (14) and also described by Thompson and Byers (15) . Several versions of FFQ have been developed at Harvard University and numerous validation studies have been reported (15) . The version of the FFQ used in the present study was adjusted and included foods which are commonly consumed in Slovenia. It covered a period of the previous one year. Adolescents were recruited in different seasons and each adolescent completed the FFQ once. The FFQ contained eighty-two food items, could be filled in within 15 min and has been precisely described previously (13) . In short, nine categories were available to report the frequency of consumption of a specific food item (from never or ,1/month to $6/d). Foods and salt were categorized into nine groups: (i) milk/milk products; (ii) meat/meat products; (iii) fish/fish products; (iv) oils/fats; (v) starch foods; (vi) vegetables; (vii) fruits; (viii) beverages; and (ix) salt (questions about all types of table salts sold in Slovenia). Adolescents completed the FFQ before the medical examination. Exact instructions were written on the first page of the FFQ and were also given orally by the medical personnel.
Of the 2813 recruited adolescents, 95 % (n 2661) agreed to complete the FFQ. In order to only evaluate reliable FFQ, 4 % of adolescents (n 96) were excluded because of four or more invalid answers on the frequency of consumption (missing frequency, multiple marks for frequency). We also excluded 2 % of adolescents (n 54) due to extremely high (more than three standard deviations above the mean) or extremely low (boys ,143 kJ/d; girls ,119 kJ/d) reported energy intake. Such energy intake was clearly a consequence of inattention or carelessness in reporting, as it deviated exceedingly from the majority and could not represent an average energy intake during the whole year. Excluding these adolescents did not affect the results of the study, since the mean values remained the same. In order to have a more homogeneous age range for facilitating the comparison with the OMD, we also excluded 8 % of adolescents (n 207) due to age ,15 years and 3 % of adolescents (n 80) due to age .16 years, as this age is not typical for entering high school in Slovenia. Finally, 2224 adolescents (83 % of adolescents with the FFQ), 1010 boys and 1214 girls, aged 15-16 years were included in the analysis.
A subgroup of 197 adolescents was asked to keep a 3 d weighed dietary protocol (3DP) at home, as a reference standard, after the FFQ administration. Adolescents were individually instructed both orally, by a dietitian at the Centre for Nutrition at the University Children's Hospital in Ljubljana, and by written instructions. These instructions provided information on how to conduct the dietary protocol, how to record accurate amounts and type of all consumed foods, beverages and table salt, how to write recipes for foods cooked and how to specify the brands of foods. Ninetyseven per cent of adolescents correctly completed the 3DP.
Anthropometric measurements were taken by the medical personnel during a clinic examination. Standing height (without shoes) was measured to the nearest 0?1 cm with a stadiometer; body weight was measured in light clothes with a calibrated mechanical balance to the nearest 0?1 kg. BMI was calculated as weight in kilograms divided by square of the height in metres.
The FFQ and the 3DP were coded and the results centrally analysed by experienced nutritionists at the Centre for Nutrition at the University Children's Hospital Ljubljana, using the nutrition database software Prodi 5?2 Expert (Wissenschaftliche Verlagsgesellschaft, Stuttgart, Germany). This program is based on the German nutrient survey consisting of: (i) Bundeslebensmittelschlüssel, version II 3, Berlin, 1999 (about 1600 food items); (ii) Souci, Fachmann, Kraut, Nährwerttabellen, Stuttgart, 2000 (about 900 food items); and (iii) industrial products and dietetic foods (about 6500 food items).
The 3DP was used to evaluate the FFQ in the present study. The portion sizes of foods in the FFQ without natural units (e.g. meat, rice, pasta, potatoes) were adjusted post hoc, as proposed by Willett (14) . They were adjusted according to the average portion sizes calculated from the 3DP (for girls and boys separately), which was completed by a subgroup of 197 adolescents, in addition to the FFQ. The portion sizes of foods with natural units (e.g. one apple, one cup of milk) remained as they had in the original FFQ.
Absolute intake of foods was calculated from the frequency of consumption (from the FFQ) and the portion size (from the FFQ for foods with natural units and from the 3DP for foods without natural units). The energy intake from foods was calculated using the frequency of consumption (from the FFQ), portion size (from the FFQ and 3DP) and energy content of each food item. Energy intake was expressed in kJ/d and kcal/d, with energy density in kcal/g. Food items were assigned to the same food groups as in the FFQ, with the exception of starch foods, which were separated into bread/cereals, potatoes/rice/pasta and tolerated food groups. Weight from table salt was not added to total food weight. Food and food group intake was expressed in g/d.
The food intake of Slovenian adolescents was compared with the OMD (6, 9) . We used Shapiro-Wilk and Kolmogorov-Smirnov tests to check the normality of the distribution of data. The data (most of the variables) were log transformed. Food intakes were adjusted for energy intake using the residual method (16) . We used statistical weighting to standardize the results (17) . To test the differences in anthropometric data between genders, the parametric t test was used. A Wilcoxon signed-ranks test was used to compare energy intake, energy density, total food intake and food group intake with the recommendations in the OMD. All data analyses were performed with the SPSS statistical software package version 16?0 (SPSS Inc., Chicago, IL, USA). A two-tailed significance level was taken as 0?05. The results are presented as means with their standard errors.
Results
Anthropometric measures of Slovenian adolescents included in statistical analyses are listed in Table 1 . There were no differences in age and BMI between boys and girls. Boys were on average 9?9 cm higher (P , 0?001) and weighed 7?8 kg more than girls (P , 0?001). Table 2 presents mean intake of each food subgroup, by gender. Within beverages, water represented 42 % of this group in boys and 47 % in girls, fruit juices and nectars 20 % in boys and girls, followed by syrup beverages, tea, carbonated and low-energy beverages. The majority of vegetables (65 % in boys and 71 % in girls) and fruits (99 % in both boys and girls) were consumed fresh. Boys and girls consumed seven times more bread than cereals. From bread, only 36 % was brown or wholegrain in boys, 40 % in girls. From the group potatoes/rice/pasta, potatoes were the most consumed subgroup, representing 38 % and 44 % of this group in boys and girls respectively, followed by pasta (of which 22 % in boys and 18 % in girls was wholegrain), rice (of which 31 % in boys and 27 % in girls was wholegrain) and legumes. Milk (of which 70 % and 64 %, in boys and girls respectively, was whole fat) represented 56 % and 51 % of the group milk/milk products in boys and girls, followed by yoghurt (of which 64 % in boys and 55 % in girls was whole fat), cheese, cream and kefir. The majority of the group meat/meat products was represented by meat (71 % in boys and 67 % in girls), the rest being meat products such as salami, sausages and pâté. With regard to fish/fish products, it was fish itself which was most often consumed in boys (54 %), whereas fish products (tinned fish, fish pâté) were more prominent in girls (51 %). In the group oils/fats, oils were the most consumed subgroup (43 % in boys and 50 % in girls), followed by margarine, butter and pork fat. Within the tolerated food groups, pastry and ice cream were the most consumed foods (78 % in both boys and girls), the rest being salty snack products.
Adolescents reported a significantly lower energy intake (P , 0?001) than recommended, i.e. 98 % and 92 % of that in the OMD among boys and girls, respectively. Compared with the OMD, energy density among boys, i.e. 0?94 kcal/g, was significantly higher (P , 0?001) and total food intake was significantly lower (P , 0?001). On the contrary, energy density among girls was significantly lower (P , 0?001), i.e. 0?69 kcal/g, whereas total food intake was significantly higher (P , 0?001) than that in the OMD (Table 3) .
Comparing the mean intakes of the main food groups with the OMD (Table 3) , boys consumed adequate amounts of beverages, milk/milk products and tolerated food groups. They did not meet the minimum recommendations [10] . yyCorresponds to 2-3 eggs/week. jjjjFish only (i.e. without fish products), corresponds to 1 portion (100-200 g)/week. zzFor example, sugar, sweets, jam, chocolate, cake. Figures. 1 and 2 depict the percentages of boys and girls respectively who did not achieve or exceeded recommendations for energy intake, energy density, total food intake and intakes of food groups in the OMD.
Discussion
The present study is the first national representative study on food intake of adolescents in Slovenia. We compared the food intake of Slovenian adolescents with the dietary concept OMD (6, 9) , which are the FBDG that were developed for German children and adolescents, but are based on the reference values which have been adopted also in Slovenia (10, 11) . We found that the dietary pattern of Slovenian adolescents differed considerably from the recommendations. The strengths of the present study are: the large number of participants (10 % of Slovenian adolescents entering high school); the very high participation rate (95 %); and the inclusion of adolescents originating from all geographic regions as well as from both urban and rural areas and from all socio-economic groups.
Mean energy intake in adolescents was below the reference values for moderate physical activity (physical activity level 5 1?75). With respect to normal BMI, it is apparent that physical activity level was rather low. We agree that FBDG should be joined with an appeal for physical activity, to actively stimulate a more healthy lifestyle (3, 9) . Low energy intake among adolescents of the same age has also been reported in Croatia, Germany, Switzerland, Spain and Turkey (18) (19) (20) (21) (22) . We also examined the presence of under-and over-reporters in the studied population of adolescents (23) , using a method based on the ratio between reported energy intake and predicted BMR (EI:BMR), developed by Goldberg et al. (24) . We included the misreporters as well in the processing of data of the present paper, as we adjusted food intakes for energy intake. Therefore the results for food intakes are independent of energy.
Consumption of beverages exceeded the recommendations, although significantly only in girls. Water and tea without sugar (i.e. energy-free beverages) are recommended beverages in the OMD. Fruit juices should only be added to water in small amounts to improve the taste. Girls exceeded the recommendations for beverage intake due to too high intake of sugar-sweetened beverages. We obtained more specific information about consumption of beverages among Slovenian adolescents from the 3DP. Sugar-sweetened beverages (i.e. fruit nectars, syrup beverages, tea sweetened with sugar, ice tea and carbonated beverages) accounted for 44 % of beverages in boys (mean: 683 ml/d) and 41 % in girls (mean: 715 ml/d). Fruit juices amounted to 7 % of beverages in boys and 6 % in girls. Energy-free beverages (i.e. water, tea without sugar and low-energy beverages with artificial sweeteners) accounted for 49 % of beverages in boys and 53 % in girls.
Many beneficial effects of fruits and vegetables are owing to their high contents of essential nutrients and phytochemicals, low energy density and low glycaemic load. These have a significant role in protection against chronic diseases (25) (26) (27) . Of major concern in the food intake of Slovenian adolescents is the extremely low intake of vegetables (only 11 % of boys and 10 % of girls consumed the recommended amount). Adolescents were found to eat low amounts of vegetables also in Germany, Norway, Belgium, Central and Eastern Europe (28) (29) (30) (31) . Actions to improve intake of vegetables are especially required.
Intake of fruits was adequate among Slovenian girls (60 % of girls consumed the amount recommended in the OMD or more), but was not sufficient among Slovenian boys (only 32 % of boys achieved recommended intake). Similarly in Australia and Belgium girls consumed more fruits than boys (30, 32) , although in most studies fruit intake was still too low (28) (29) (30) (31) 33) . On the other hand, high intake of fruits was also shown in a Spanish study, where the majority of young people ate fresh fruits every day (34) . Adolescents in Slovenia consumed insufficient amounts of bread/cereals. Cereals contributed only 13 and 12 % to this group in boys and girls respectively, while bread was mainly consumed as white. This is contrary to the OMD, which recommends at least half of products from this group as whole grains. Intake of potatoes/rice/pasta was insufficient to an even greater extent. According to the OMD, potatoes should mainly be eaten fresh cooked. Whereas we obtained no information from the FFQ about how the potatoes were prepared, we obtained information from the 3DP. Potatoes were consumed mainly cooked (50 %), followed by roasted (22 %), fried (18 %) and baked (10 %). In the OMD, wholegrain rice and pasta are preferred, but Slovenian adolescents consumed more than two-thirds of rice and pasta as white. Our finding of low intake of wholegrain products is similar to that of others (28, 35, 36) and indicates the need for increased efforts to encourage adolescents to consume more wholegrain foods.
The mean intake of milk/milk products in boys and girls was slightly higher than in the OMD, although the difference was not significant. Despite this, 43 % of boys and 45 % of girls did not meet minimum recommendations for intake of food items from this group. The OMD recommends intake of low-fat milk products with little or no added sugar. Slovenian boys consumed one-third of milk and yoghurt as low-fat varieties, and Slovenian girls one-third of milk and one-half of yoghurt as low-fat varieties. In Slovenia it is recommended that children entering primary school (i.e. at the age of 6 years) should start consuming low-fat milk, which in Slovenia contains 1?6 % of milk fat. In the USA low-fat (i.e. 1 % of milk fat) and fat-free (skimmed) milk and milk products are recommended for all persons at 2 years of age or above (8) . More than half of all yoghurts eaten by Slovenian adolescents were fruit yoghurts (data not shown), which usually contain lots of sugar as well as additives.
We found that adolescent boys consumed too much meat/meat products, both boys and girls also too much fish/fish products. Avoiding meat products would help to take steps towards the OMD, as they accounted for onethird of the intake in the meat/meat products group. For fish/fish products, the OMD recommends solely the intake of sea fish, as they are a very rich source of iodine among other nutrients. Slovenian adolescents consumed lots of fish products, which represented about half of the intake of the fish/fish products group. This is the reason why the recommended values of the OMD from 2003 (9) were exceeded. Newer recommendations (37) have reduced the amount of fish by half (i.e. to 15 g/d), due to the fact that the iodine content of milk and milk products has increased in Germany in recent years (38) and the contribution from fish is not that significant. Among Slovenian adolescents milk and milk products were also found to be an important iodine source (13) . In spite of that, in our opinion the recommendation of 30 g/d for fish should be maintained for Slovenian adolescents, as sea fish are also a very rich source of n-3 long-chain PUFA, especially EPA (20 : 5n-3) and DHA (22 : 6n-3), which are important in CVD prevention (39) . Meat products and fish products also contribute to excessive salt intake found in Slovenian adolescents (40) . As for oils/fats, the OMD recommends consumption of plant oils, mostly rapeseed oil, as it has favourable effects on serum lipoproteins (41, 42) . Only 4 % of boys and 6 % of girls achieved recommendations for the oils/fats group and only a half of consumed fats were plant oils.
Slovenian adolescents did not consume too high amounts of the food items from the tolerated food group; boys even had a significantly lower intake than that allowed in the OMD. These foods are not recommended, but are allowed every now and then, to satisfy individuals' taste preferences.
Sugar-sweetened beverages contributed 9 % and 10 % to daily energy intake in Slovenian adolescent boys and girls. The sugar intake could be reduced greatly by avoiding drinking these beverages, since they account for 31 % of total sugar intake in boys and girls. In America, the public health and economic benefits of taxing sugarsweetened beverages have been examined. A tax would reduce the consumption of sugar-sweetened beverages and consequently decrease the risk of chronic diseases. Thus the contribution of unhealthy diets to health-care costs would decrease as well (43, 44) . From all of the food groups the major concerns in the diet of Slovenian adolescents are markedly too low intakes of vegetables and oils/fats. Concerning macronutrients and micronutrients, vegetables are the most nutritious food group in the OMD, followed by milk/milk products, bread/cereals and fruits. Recommended intakes of fruits and vegetables could only be achieved by including them in every meal, i.e. five times daily. In cooked meals, potatoes, pasta and/or rice should be increased at the expense of meat dishes (6, 9) . To achieve a favourable fatty acid composition, adolescents should choose the low-fat varieties of meat/meat products, milk/ milk products, reduce their intake of tolerated foods (i.e. sweets, chocolate), butter and pork fat, and at the same time increase their intakes of sea fish and plant oils, such as rapeseed oil, soya oil, nut oil and fish oil.
The OMD was developed on the basis of the German DONALD (Dortmund Nutritional and Anthropometric Longitudinally Designed) study (45) . The findings of that study with respect to the adolescents' intakes of vegetables, bread/cereals, potatoes/rice/pasta, oils/fats, fish, as well as meat/meat products in boys, are similar to findings of the present study. The most outstanding difference between Slovenian and German adolescents is noticed in fruit intake among girls; in German girls it amounted to less than 50 % of that recommended in the OMD, while in Slovenian girls it was higher than that recommended in the OMD.
Some limitations of the present study also have to be considered. As in Slovenia there is no representative database on food composition, we used the composition of the comprehensive German database which is the most widely used in Slovenia. To overcome this weakness, we compared our data with the recommendations developed by Kersting et al. for the paediatric population in Germany. Another limitation is that we used an existing questionnaire, as suggested by Willett (14) , since we had neither the time nor the resources for an investment in designing a questionnaire de novo. For evaluation we adjusted the portion sizes. Willett reported that the portion size specification for foods without natural units was sometimes ignored by participants who fill in the FFQ. Marked frequency of consumption in the FFQ would have been the same even if the portion size was different (14) . Therefore we checked how the portion sizes from the FFQ in the present study differed from those calculated from the 3DP, separately for boys and girls. Portion sizes for foods without natural units differed considerably, so we replaced and adjusted them post hoc in the FFQ. One further limitation of our study is that we did not include an investigation about the physical activity of adolescents. Moreover, the FFQ used in the study did not include a separate question about egg consumption. Data obtained from the 3DP showed that boys and girls respectively consumed on average 5 and 8 g eggs/d (not including eggs in other foods, e.g. pasta, pastry), which is much lower than the 20 g/d recommended in the OMD.
Conclusions
In the first national representative study on the dietary intake of Slovenian adolescents we compared the food intake with the diet concept OMD. The OMD has been shown as a useful tool for the evaluation of food intake of adolescents in countries where FBDG have not yet been introduced. The results of the present study indicate that Slovenian adolescents are not meeting the minimum recommendations for vegetables, grains, fish, plant oils, boys additionally for fruits; and that adolescents are exceeding recommendations for fish products and sugarsweetened beverages, boys additionally for meat and meat products. Our findings support the need for nutrition guidance focused on encouraging the consumption of vegetables, fruits, wholegrain varieties of starchy foods, semi-skimmed milk/milk products and plant oils, while preferring no-or low-added-sugar choices of foods and beverages. Nutrition education and interventions are immediately needed for Slovenian adolescents. For the future we suggest for every country to develop and use its own FBDG, to enable the adequate choice of locally available foods. We also suggest making further national representative studies on diet among other age groups in Slovenia, especially infants, children, pregnant and lactating women, and as well as following the time trends in consumption within the adolescent age group.
